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Introduction
Falls and decline in mobility are major problems in the elderly. Approximately 30% of the community-dwelling people aged 65 years and older fall at least once per year, and about 15% fall two or more times per year. 1 The incidence of falls increases strongly withage from 30% at age 65 to 50% in those over 80 years of age. 1, 2 Falls may result in hip fracture, other fractures, soft tissue injury, or headinjury, and may cause fear of falling and functional decline.
More-over, falls are the third cause of chronic disability according to theWorld Health Organization (WHO). 3 Mobility limitations and fractures can lead to disability, institutionalization and death. 4, 5 Serum concentrations of testosterone decrease with age in both sexes, while oestradiol levels in men remain unchanged. 6, 7 Serumtestosterone and oestradiol are mainly bound to sex hormone-bindingglobulin (SHBG) and albumin. The free fraction and albumin-boundpart of testosterone and oestradiol are often called bioavailable (non-SHBG-bound) testosterone and oestradiol, and are considered as the fractions that are directly available for the target tissues. It remains to be established whether total, non-SHBG-bound or free sex hormone levels are the best representation of the bioactive concentrations.
The results of some studies suggest that low serum levels of hor-mones, including vitamin D, 8 sex hormones 9 and insulin-like growthfactor (IGF-1), 10 are associated with immobility and an increased risk of falling. One study 9 on the effect of hormone replacement therapy (HRT) reports a protective effect on the risk of falling among early postmenopausal women.
In another study, 11 the incidence of falls did not differ between users and nonusers of oestrogen therapy. It is unclear whether low levels of oestradiol in women are related to a decrease in muscle strength. Studies on the effect of oestrogen therapy on postural balance and muscle strength in women are contradictory. Some studies found a positive effect of oestrogen therapy on muscle strength and/or balance, [12] [13] [14] while others found no effect. 11, 15, 16 Accumulating evidence suggests that in ageing men, low serum levels of bioavailable testosterone are associated with low muscle strength, 17, 18 thereby increasing the risk of falls.
Studies on the effect of testosterone replacement found positive effects on muscle mass and strength. [19] [20] [21] However, the association of testosterone with muscle strength and poor mobility is not clear. Until recently, not much attention has been paid to the role of oestradiol in men. One study found that oestradiol levels were not associated with muscle strength and body composition in men. 17 The Longitudinal Aging Study Amsterdam (LASA), including similar numbers of men and women, is a prospective study in a representative sample of community-dwelling elderly. In this study, levels of oestradiol, testosterone, and a variety of other measures were assessed.
The objective of this study was to examine whether low levels of total and bioavailable oestradiol and testosterone were associatedwith impaired mobility, low muscle strength and the incidence of falls in a population-based sample of older men and women.
Methods

Study sample
Data for this study were collected within the LASA, an ongoing interdisciplinary cohort study on predictors and consequences of changes in physical, cognitive, emotional and social functioning in older people. 22 A random sample of men and women, aged 55 and over, stratified by age, sex, urbanization and expected 5 years mortality, was drawn from the population registers of 11 municipalities in three regions of the Netherlands. The design of this study is presented in Figure 1 . In total, 3107 subjects were enrolled in the baseline examination (1992/93). In the second data collection (1995/96), 2204 (71% of the original 3107 respondents) completed a main interview. Attrition between the first and second cycle was mainly the result of mortality: 417 of the 3107 (13·4%) respondents died. 23 All interviews were conducted by specially trained and intensively supervised interviewers (main interview) and nurses (medical interview), and were tape recorded in order to monitor the quality of the data.
The present study was performed in a subgroup of the LASA, including participants who completed a medical interview during the second data collection (1995/96), including healthrelated questions and a number of physical and cognitive tests, 23 and were aged 65 years and older as of January 1, 1996. Of the 1720 eligible respondents, 1509 (87·7%) took part in the medical interview. These participants were invited to the VU University Medical Centre (VUMC) or a health care centre where blood and urine samples were obtained in the morning after a light (calcium-free) breakfast (n = 1321). Blood was put on ice immediately, and processed within 60 min. Levels of sex hormones, SHBG and albumin were determined in 1285 people. Subsequently, fall data were collected with a fall calendar for 3 years in 1248 of these 1285 subjects. Informed consent was obtained from all participants and the study was approved by the Ethical Review Board of the VUMC. 
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Mobility
Mobility included assessment of physical performance and selfreported functional limitations. The performance tests included a timed walking test (time needed to walk 3 m, turn 180° and walk back as fast as possible), chair stand test (time needed to stand up and sit down five times with arms folded), and tandem stand (ability to stand with one foot placed behind the other for at least 10 s). 24 Those completing the walking test and chair stands were assigned scores of 1-4, corresponding to the quartiles of time needed to complete the test, with the fastest time scored 4. Those who could not complete the test were assigned a score of 0. For the tandem stand, 0 points were given to those who could not perform the tandem stand, 2 points to those who stood less than 10 s, and 4 points to those who stood at least 10 s. The three items were summed to a final score (0-12). 24 Self-reported functional limitations were assessed with a validated questionnaire concerning the degree of difficulty with the following six activities of daily living: climbing stairs, walking 5 min outdoors without resting, getting up and sitting down in a chair, dressing and undressing oneself, using own or public transportation, and cutting one's own toenails. 25, 26 Participants who did not report any difficulty with the activities were given a score of 0;
those who had difficulty with all activities were assigned a score of 6.
Muscle strength
Handgrip strength was measured using a strain-gauged dynamometer (Takei TKK 5001, Takei Scientific Instruments Co. Ltd, Tokyo, Japan). Participants were asked to perform two maximum force trials with each hand. For the final scores, the maximum values of the right and the left hand were summed, and divided by two. 25 Handgrip strength has been found to correlate with strength of other muscle groups and is thus a good indicator of overall strength.
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Falls
For a period of 3 years, participants were asked to report their falls on a fall calendar every week and to mail the calendar to the research centre every 3 months. Participants were contacted by telephone if they were unable to complete the fall calendar, if the calendar was not returned even after a reminder, or if it was completed incorrectly. A fall was defined as 'an unintentional change in position resulting in coming to rest at a lower level or on the ground'. 26 A 'recurrent faller' was defined as a subject who fell at least two times in 6 months during the 3-year fall follow-up.
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Assessment of hormones
Levels of testosterone, 17-beta-oestradiol and SHBG were obtained during the examination in 1995/96 and kept frozen until determination. Testosterone concentrations were measured by radio immunoassay (Coat-A-Count, DPC, Los Angeles, USA), with intra-assay coefficients of variance (CV) of 16% at 1·5 nmol/ l and 7% at 5 nmol/ l, interassay CV was 11% at 2·6
nmol/ l and 7% at 11·5 nmol/ l; oestradiol concentrations were measured by radio immunoassay (Diasorin Biomedica, Saluggia, Italy), with intra-assay CV of 14% at 30 pmol / l and 7%
at 100 pmol/ l, interassay CV was 10% at 70 pmol/ l. SHBG concentrations were measured by immunoradiometric assay (Orion Diagnostica, Espoo, Finland) with intra-assay CV of 5% at 18 nmol/ l, interassay CV 6% at 10 nmol/ l. The detection limits of testosterone, oestradiol and SHBG were 1 nmol/ l, 18 pmol/ l and 6 nmol/ l, respectively. Levels of testosterone were not measured in women, as they were very low. We used various measures of the levels of bioactive testosterone and oestradiol: total testosterone and total oestradiol, testosterone/ SHBG ratio, oestradiol /SHBG ratio, calculated free testosterone and calculated bioavailable (calculated free testosterone plus albumin-bound) testosterone. Calculated free and bioavailable testosterone were determined according to the method described by Vermeulen et al., 29 taking the concentration of testosterone, oestradiol, SHBG and albumin into account.
Calculated free oestradiol and bioavailable oestradiol levels in women could not be determined, as levels of testosterone were not measured in women.
Effect modifiers
Age is considered a possible effect modifier in the relationship between sex hormones and falls, grip strength and mobility. It is possible that a stronger association of levels of sex hormones with mobility, grip strength and falls exists in older persons. Older people suffer from muscle deterioration and often have mobility limitations. Furthermore, they have fewer alternative mechanisms for preventing falls than younger people.
Confounders
Potential confounders included age, body mass index (BMI), 30 The number of chronic diseases was calculated. Physical activity was measured with the LASA physical activity questionnaire (LAPAQ). The LAPAQ is a face-to-face questionnaire that covers the frequency and duration of walking outside, bicycling, gardening, light household activities, heavy household activities, and a maximum of two sport activities during the previous two weeks. 40 
Statistical analysis
T tests, Mann-Whitney tests and χ 2 tests were performed to assess significant differences (P <0·05) in dependent variables between men (n = 623) and women (n = 662). Subjects with low levels of sex hormone were compared with those with high levels of sex hormone, using Student's t tests for continuous variables, Mann-Whitney test for skewed continuous variables, and a χ 2 test for dichotomized variables. The adjusted association between sex hormones and mobility or muscle strength was examined using multiple regression analysis.
Associations are expressed as standardized regression coefficients because this measure allows direct comparison of the strengths of the association between different determinants with different outcome measures. The shape of the associations was examined by dividing sex hormone levels into quartiles. The relationship between sex hormones and several fall variables (two or more falls within 6 months; 0 vs. 1 or more falls during 3 years; 0-1 vs.
2 or more falls during three years; 0 -2 falls vs. 3 or more falls during 3 years; 0-3 vs. 4 or more falls during 3 years; 0-4 vs. 5 or more falls during 3 years) was examined using logistic regression analysis. Associations are expressed as odds ratios with a 95% CI. All analyses were stratified by sex. *P < 0·05; *** P < 0·001; Q = quartile; †adjusted for age, alcohol use, education level, physical activity, number of chronic diseases and body mass index. Table 3 Results
of unadjusted and adjusted multiple regression analyses of total levels of serum oestradiol with physical performance, functional limitations and muscle strength in men and women.
First, unadjusted analyses were performed. Second, the potential confounders age, alcohol use, level of education and physical activity were added to the model. Then, the potential confounder BMI was added to the model, and eventually cognition and depression. As no significant change of the beta was seen when cognition and depression were added to the model, these variables were not kept in the model.
Results
This study sample (n = 1285) comprised 623 men and 662 women. Table 1 shows the differences in the dependent variables between men and women. Men scored significantly better on the mobility measures (physical performance and functional limitations) and muscle strength than women (P < 0·001). There was no gender difference in the percentage of subjects with two or more falls in 6 months (P = 0·67). Table 2 shows differences in potential confounders and dependent variables between the lowest and highest quartiles of levels of oestradiol (in men and women) and testosterone (in men). Men with low levels of testosterone scored significantly lower on physical performance and muscle strength and higher on functional limitations when compared with men with high levels of testosterone. Men with low levels of total testosterone were older, significantly less active, lower educated and had a higher BMI than men with high levels of total testosterone.
Men with low levels of oestradiol had significantly more functional limitations, had lower BMI and had more depressive symptoms. Women with low levels of oestradiol had significantly fewer functional limitations, fewer chronic diseases and better physical performance than women with high levels of oestradiol. They were younger and had a lower BMI. Differences in the frequency of those with two or more falls in 6 months were not observed.
The associations between total oestradiol and physical performance, functional limitations and grip strength are shown in Table 3 . In men, levels of total oestradiol were not Q4 0·042 −0·046 0·135** *P < 0·05; **P < 0·01, ***P < 0·001; Q = quartile. †Adjusted for age, alcohol use, education level, physical activity, number of chronic diseases and body mass index. quartile of the oestradiol/SHBG ratio had a significantly better physical performance than men in the first quartile (β = 0·103, data not shown). In women, levels of oestradiol/SHBG
were not associated with physical performance, functional limitations or muscle strength. Table 4 shows the associations of total testosterone with physical performance, functional limitations and muscle strength in men. Levels of total testosterone were associated with physical performance, functional limitations and muscle strength. After adjustment, total testosterone levels were significantly associated with muscle strength. Unadjusted analysis showed that testosterone/SHBG and calculated free testosterone were associated with physical performance, functional limitations and muscle strength (data not shown). After adjustment, testosterone/SHBG and calculated free testosterone were associated with physical performance.
Levels of calculated bioavailable testosterone were positively associated with physical performance, functional limitations and muscle strength ( Figure 2 ). After adjustment, bioavailable testosterone was no longer associated with functional limitations. Men in the highest quartile of bioavailable testosterone had a better performance score and more muscle strength than men in the lowest quartile. Table 5 shows the associations of levels of total oestradiol and testosterone with falls.
Unadjusted analysis showed that total oestradiol and total testosterone were not associated with recurrent falling. The oestradiol/SHBG ratio, testosterone/SHBG ratio, free fraction of testosterone and bioavailable testosterone levels were significantly associated with recurrent falling in men, but not in women (data not shown). After adjustments for age, alcohol, Total oestradiol in categories:
Total testosterone in categories:
OR = odds ratio; CI = confidence interval. Missing values were replaced with the mean value or median value of the variable. †Adjusted for age, alcohol use, education level, physical activity, number of chronic diseases and body mass index. education, BMI, chronic disease and physical activity, no associations were observed between levels of serum sex hormones and recurrent fallers among men and women. When the sex hormone levels were divided in quartiles, no trend was seen. Moreover, there were no associations between sex hormone levels and any of the other fall variables (0 vs. 1 or more falls during 3 years; 0-1 vs. 2 or more falls during 3 years; 0-2 falls vs. 3 or more falls during 3 years; 0-3 vs. 4 or more falls during 3 years; 0-4 vs. 5 or more falls during three years) (data not shown).
Discussion
Ageing is associated with a reduction of levels of oestradiol and testosterone in men and women. This may contribute to the greater risk of poor mobility and falls in older people.
This study included a large sample of both men and women. To examine our hypothesis, we used both objective tests and self-reports of mobility, and we collected prospective fall data.
The results of this study suggest that low levels of oestradiol and testosterone are associated with impaired mobility and low muscle strength in men, but not in women. We did not observe an independent association between levels of sex hormones and falls.
Studies on the effect of hormone therapy on falls are scarce. While Seeley et al. 11 reported a negative effect, Randell et al. 9 showed a positive effect of oestrogen replacement therapy on falls, but only in early menopausal women, suggesting that falls are particularly related to early menopausal oestrogen deficiency.
We found a positive association of (total, free and bioavailable) testosterone with muscle strength in older men. Our finding that there is an association of testosterone with grip strength confirms the results of other observational studies. 17, 18 However, results of testosterone intervention studies are contradicting. Snyder et al. 41 did not observe an improvement in hand grip strength after treatment with testosterone, but others 19,42 found a positive effect of testosterone administration on muscle strength, and on hand grip strength in particular. 43 It is difficult to compare these studies on effects of testosterone treatment, because of differences in type of androgen, length of treatment and type of administration (patch or injection).
No adjusted associations could be found of total oestradiol and the oestradiol/SHBG ratio with mobility or muscle strength in older women. Observational studies on the effect of oestradiol on muscle strength are scarce. Two studies did not observe an association between oestradiol and muscle strength. 17, 18 Many postmenopausal women have used oestrogen therapy to maintain adequate oestrogen levels crucial for the preservation of bone mass. 44 One study 16 did not find a significant increase in hand grip strength in women using oestrogen, while another study 13 showed that oestrogen therapy resulted in a 15% increase in muscle strength. This increase is relatively small, compared to increases (30%) reported in resistance training studies. 45 The results in the group of women are opposite to the results we expected. Table 3 shows negative, but nonsignificant, associations of oestradiol levels and oestradiol/SHBG ratio with physical performance and muscle strength. This implies that high serum levels of oestradiol are risk factors for poor physical performance and low muscle strength. Also, according to our results, women with high levels of oestradiol have more functional limitations than women with low levels. Possibly, these results can be explained by the fact that these women have a high body mass index (BMI). As oestradiol after menopause is mainly produced in adipose tissue, women with a high BMI have higher levels of oestradiol. Because BMI is a risk factor of impaired mobility, we believe that this explains the results we found in this study.
Known adverse effects of hormone replacement therapy (HRT) in postmenopausal women include an increased risk of breast cancer and venous thromboembolism.46 Recently, Hays et al. 47 showed that the effect of HRT on quality of life in postmenopausal women was not clinically meaningful. Because of the severe adverse effects of hormone replacement therapy, and the modest benefits, the use of HRT has declined considerably during the last years. Based on our results, testosterone therapy in men might be useful to prevent agerelated immobility. However, large, long-term studies are needed to prove the beneficial effects and safety.
In this study, we used various measures of bioactive testosterone. According to Van den Beld et al. 17 bioavailable testosterone levels are the best representation of the bioactive testosterone levels. This was confirmed in our study, as the associations of total testosterone, testosterone/SHBG ratio and free testosterone were not as strong as the associations of bioavailable testosterone with mobility and muscle strength.
Our study has several limitations. First, the respondents of this study are a selective group of relatively healthy older men and women, because the frailest respondents of the LASA were not able to visit the hospital or a health care centre. If these nonresponders had lower serum levels of (bioavailable) testosterone and oestradiol, underestimation of the associations might have occurred. Second, an under-report may have occurred in participants during the fall follow-up. The falls were based on self-report, and older persons tend to forget falls.
In conclusion, no association of sex hormones with falls was found. Moreover, in women, no associations were found of oestradiol with mobility and muscle strength. In men, serum total testosterone was positively associated with muscle strength, bioavailable testosterone levels were positively associated with physical performance and muscle strength. The data do not support the use of hormone replacement therapy in women, whereas more studies are needed in men.
